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ABSTRACT 
The quality, a main issue in deciding the service life of the fabricated components in 
automotive industries is to be concentrated with extra care. The quality is achievable, if the 
processes involved in the operation are controlled suitably. Automation of any welding process is 
essential to control the welding process parameters and to achieve high production rate with 
desirable quality in automotive applications. Welding speed is an important process parameter that 
affecting the weld quality significantly. Also, Researchers always control the welding speeds 
within the required speed levels. Hence a separate automation is required to be developed for 
achieving different welding speeds. Welding manipulator is a device to control the welding speed 
in an effective manner.  Due to the availability of computer assisted controls which playing their 
important impacts in the field of automotive, the numerical controller is a main source to be 
focused for obtaining automation in any field. In this work a welding manipulator is developed 
and fabricated with interfacing computer numerical controllers to control the welding speeds 
along with other two axis motion. The developed manipulator was designed, fabricated and 
calibrated for the effective working and found satisfactory. This set up is capable of controlling 
the welding speed in a very effective manner and thereby help to achieve various benefits in terms 
of welding automation in automotive industries. 
Keywords: Welding automation, Automotive industries, Manipulator, Microcontroller, CNC, Three axis control 
1. INTRODUCTION 
In the present scenario, lot of new technologies evolving on day to day basis to enhance 
the existing processes in terms of quality, concepts, techniques and methods etc. Welding is one 
of an important area of manufacturing by which various fabrication processes are carried out for 
achieving desired quality in automotive industries. The improvement of surface properties such as 
tensile strength, wear resistance, corrosion resistance etc., are carried out by various welding 
processes. The automated welding processes find its own place at top in power industries, high 
temperature applications, pressure vessel fabrication industries due to simplicity and best quality 
in low cost and high reliability.  
Automated welding systems offer some main advantages such as improved weld quality, 
increased output, decreased scrap and decreased variable labour costs. Weld quality consists of the 
M. Sowrirajan  et al. / International Research Journal of Automotive Technology 2018; 1(1): 13-20 
factors like weld integrity and repeatability. Automated welding systems ensure weld integrity 
through electronic weld process controllers. Combining mechanized torch and part motions with 
electronic recall of welding parameters results in a higher quality weld than can be accomplished 
manually. This offers instantaneous quality control. Furthermore, because a weld is made only 
once, defects are readily visible and detectable. Humans tend to "smooth over" a mistake with the 
torch, hiding lack of penetration or a possibly flawed weld.  
Automation of any welding process is essential to control the welding process parameters 
and to achieve high production rate with desirable quality. Welding speed is an important process 
parameter that affecting the weld quality significantly. Also, Researchers always control the 
welding speeds within the required speed levels. Hence a separate automation is required to be 
developed for achieving different welding speeds. Welding manipulator is a device to control the 
welding speed in an effective manner.  Due to the availability of computer assisted controls which 
playing their important impacts in the field of manufacturing, the numerical controller is a main 
source to be focused for obtaining automation in any field. In this work a welding manipulator is 
developed and fabricated with interfacing computer numerical controllers to control the welding 
speeds along with other two axis motion. The developed manipulator was designed, fabricated and 
calibrated for the effective working and found satisfactory. This set up is capable of controlling the 
welding speed in a very effective manner and thereby help to achieve various benefits in terms of 
welding automation. The idea behind fabrication of welding manipulator is to fulfil the demand for 
automation in research purpose.  
A major new development in computer technology is the availability of open source 
hardware, such as the Arduino microcontroller. An advantage of open source hardware is that a 
wide variety of ready-to-use software is available for them on the web; therefore the prototyping 
and development times are drastically reduced. Moreover, a wide range of low-cost interfaces, 
sensors, and accessories such as Arduino shields are also available. However, for the development 
of research educational models of CNC machines, such tools may be quite adequate from the 
viewpoint of machine control. In this paper, the development of a prototype computer numerical 
control 3-axis welding manipulator using Arduino-based control system is presented.  
2. DESIGN OF VARIOUS PARTS 
2.1 Material for frame 
Stainless steels is a material selected for frame. They are iron-base alloys containing 
10.5% or more chromium. They have been used for many industrial, architectural, chemical, and 
consumer applications for over a half century. Currently there are being marketed a number of 
stainless steels originally recognized by the American Iron and Steel Institute (AISI) as standard 
alloys. Also commercially available are proprietary stainless steels with special characteristics. 
2.2 Selection of bearing 
Bearing part number selection can only be properly performed with a working knowledge 
of ball bearing performance expectations and requirements. Size, application, construction and 
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operating conditions need to be taken into account before engaging in the ball bearing selection 
process which is described below. 
• Configuration and purpose of bearing application  
• Application conditions (temperature, humidity, vibration, dust, etc.) 
• Loads 
• Shaft and housing dimensions and materials  
• Rotation: RPM, Rotation precision, Rotation Ring 
• Bearing Torque 
• Noise 
• Life 
• Regulated substance 
2.3 Selection of lead screw 
Lead screws use the helix angle of the thread to convert rotary motion into linear motion. 
Common applications are linear actuators, machine slides (such as in machine tools), vices, 
presses, and jacks. Lead screws are manufactured in the same way as other thread forms (they 
may be rolled, cut, or ground). They are not typically used to carry high power, but more for 
intermittent use in low power actuator and positioner mechanisms. To determine the lead screw 
and nut combination for your linear motion application, the following interrelated factors must be 
identified and considered. 
• Contact pressure 
• Sliding speed 
• Screw efficiency 
• Load torque 
2.4 Design calculations 
2.4.1 Contact pressure, p (N/mm2) 
p= (FS/FO) × α 
Where, 
FS: Axial Load (N) 
FO: Allowable Dynamic Thrust (N)  
Nuts for the Lead Screw Specifications. The Thrust when the contact pressure acting on 
the screw shaft and nuts is 9.8(N/mm2), α:9.8(Brass), 0.98(Resin) 
p= 100/1470 × 9.8  
p = 0.66 N/mm2 
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2.4.2 Sliding speed, v (m/min) 
v= (π.d2.n/ cos (d)) × 10-3 
Where, 
d2: Screw Shaft Effective Diameter (mm).                  
d: Screw Shaft Lead Angle (degree) 
n: Screw Shaft Revolution Frequency per Minute (min-1) 
v=π×7.25×500/ cos(3.460) × 10-3 
v = 11.40 m/min 
2.4.3 Screw efficiency (η) 
η=1-µ*tan (d) / 1+µ*tan (d) 
Where, 
µ: Dynamic Friction Coefficient 
d: Screw Shaft Lead Angle (Degree) 
η = 1-0.21*tan(3.460) / 1+(0.21*tan(3.460)) 
η = 0.22 or 22% 
Table. 1 Dynamic friction coefficient reference value 
Thread shaft Nut Dynamic Friction Coefficient µ 
Steel (Lubrication) Brass 0.21 
2.4.4 Load torque T (N-cm) 
T=FS.R / 2π.η 
Where, 
Fs: Axial Load (N) 
η : Screw Efficiency 
R : Lead (cm) 
T= 100×0.5 / 2×π×0.22 
T= 36.18 N-cm. 
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3. PARTS OF WELDING MANIPULATOR 
3.1 Mechanical system 
The mechanical system which is assembled in such a way that the 3-axis movement is 
achieved by using the linear rails assembled with linear bearings. Stepper motors are mounted to 
the each axis which is source of motion acted according to the control signal generated from the 
electronics circuit. Each stepper motor is coupled through the shaft couplers to each of the 
Lead/Ball screw of each axis which is responsible for converting the rotational motion of the 
stepper motor to linear motion. The linear motion of each axis is carried away smoothly by the 
linear rail assembly connected to the each axis which is capable of load carriers and allows linear 
motion in each axis. The controlled motion in each axis is achieved directly by controlling the 
rotation of the stepper motor. The speed of the motion in each axis can also be controlled by direct 
control of the speed of the stepper motor by giving required control signals. Thus the tool path of 
the spindle fixed to the end effector is controlled in each axis for smooth carving or cutting action 
of work piece. Mechanical system is comprising Lead screw, Bearing, Stainless steel, Roller and 
Shaft coupling.  
3.2 Electronics system 
Electronics system is responsible for generating control signal to the stepper motors which 
guides the motion of tool path in each direction or axis. Electronics system is comprises of Power 
supply, Microcontroller board and Stepper motor driver board. 48V, 2.5A SMPS(Switch Mode 
Power Supply) adapters are used for stepper motors mounted in X and Z directions.24V 2.5A 
SMPS(Switch Mode Power Supply) adapter is used for stepper motor mounted in Y direction.12V 
1A SMPS(Switch Mode Power Supply) adapter is used to drive the microcontroller board. 
Atmega 328p Arduino Development board is used as the motion control board.  
Atmega 328p is a 16 bit 24 pin ARM Architecture microcontroller. The microcontroller is 
flashed with the GCODE interpreter firmware written in optimized „C‟ language .Motion control 
is carried away through output pins connected to the stepper motor drives according to the 
firmware code in microcontroller. Inputs like RESET, FEED HOLD, CYCLE START/RESUME 
and axis Limits are given to the Inputs of microcontroller. A stepper motor is a brushless, 
synchronous electric motor that converts digital pulses into mechanical shaft rotation in a number 
of equal steps. The motor's position can then be commanded to move and hold at one of these 
steps without any feedback sensor (an open-loop controller).  
A NEMA 23 stepper motor is a stepper motor with a 2.3 x 2.3 inch size is chosen to drive 
the motion of the axes. NEMA 23 stepper motors are high torque about 19KG-Cm holding torque. 
NEMA 23 stepper motors have 1.8 degree step angle with 2.5A rated current. The speed of 
rotation is directly proportional to the pulse frequency. The higher the output voltage from the 
driver, the higher the level of torque drive. The stepper motor driver receives step and direction 
signals from the microcontroller and converts them into rated high voltage electrical signals to run 
the step motor.RMCS-1102 is micro-stepping drive designed for smooth and quiet operation is 
chosen to drive the NEMA 23 stepper motorRMCS-1102 achieves micro-stepping using a 
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synchronous PWM output drive.RMCS-1102 receives PULSE/STEP, DIRECTION inputs from 
the microcontroller and generates high rated PWM output signals to stepper motor. 
3.3 Software and coding system 
The tool chain of CNC-based manufacturing is represented. The part to be machined is 
designed in computer-aided design (CAD) software, whose output is a drawing in one of many 
acceptable formats most preferable format is .stl format. This drawing is then fed to the computer-
aided manufacturing (CAM) software, whose output is the machine readable code used for 
numerical control of the machine. Since implementation of the G-code is machine dependent, it is 
necessary to test out different choices for an open source G-code interpreter for the Arduino, so 
that the correct motions are obtained for the machine axes through the stepper motor driver. We 
have used GRBL, an open source G-code interpreter or milling controller for the Arduino 
development board.  
Computer-aided design (CAD) is the use of computer systems to assist in the creation, 
modification, analysis, or optimization of a design 3D parts for CNC cutting. CAD tools in the 
truest sense are designed to allow you to easily change and manipulate parts based on parameters. 
The most widely used interchangeable mesh file format is  .STL files are important because, they 
are used by CAM tools to generate G-code. Open SCAD, Free CAD, Heeks CAD, PTC Creo 
(formerly PTC Pro/Engineer), Solidworks, Autodesk  Inventor, Auto CAD are some examples of 
CAD packages. Computer Aided Manufacturing, or CAM, tools handle the intermediate step of 
translating CAD files into a machine-friendly format used by the Microcontroller board. CAM 
software needs an .STL file format from CAD software to generate machine friendly G-code. 
Some example packages are like CAD/CAM, G-Simple, FreeMill, Dolphin CAD/CAM, Cam 
Bam, Vizion (ArtCam), One CNC, Virtual Gibbs, Master CAM , BOB CAD-CAM, Mesh CAM, 
Visual Mill, Turbo CADCAM, Desk CNC, Sheet CAM, One CNC, Sprut Cam, Edge CAM, Art 
CAM etc.  
G-code Sender is used to send the G-code files to an integrated hardware interpreter 
(Atmega 328). G-code Sender will take a G-code program in file and send it line-by-line to the 
Atmega 328p microcontroller. The G-codes will send over the serial ports through USB 
communication between the computer and microcontroller. Grbl Controller is software that is 
designed to send G-code to CNC machines is, such as 3D milling machines. It is not super smart; 
it just needs to give the user a nice way to get commands down to whatever controller they are 
using. 
4. FABRICATION METHOD 
After gathering all parts and accessories required for fabrication and assembling, the 
procedure of making the machine is explained below in step by step. Starting from the base, 
install four walls of Y -axis. Cut the square stainless steel rods with required dimensions. Next 
from top install rectangular tape of X-axis. From the X axis dimension cut the main support for Z-
axis. Join the all squared bar using arc welding. Finally frame is created. Assemble the slider with 
4 roller in Y and X axis and give support to the rollers for moving smoothly on the frame without 
any shaking and vibrations. Assemble and fix the Z-axis lead screw and slides. Create angle 
support for the leads crew for height adjustment. Bearing is installed on the support for the 
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locking the lead screw. So the lead screw will move without any shaking. Flexible coupling is 
fixed in the lead screw and motor shaft.  
Motor is fixed is the support of the plate. Connect two motors for Y-axis, one motor for X-
axis and one motor for Z-axis. Motor is interfaced with the stepper motor driver. Atmega 
microcontroller is wired with the dual stepper motor driver. Wire should be connected with the 
colour given in the stepper motor that colour should be connected in the stepper driver and 
microcontroller. Finally microcontroller and stepper driver is connected with power supply. SMPS 
is a power supply which is converted DC current to Ac current. COD cable from the 
microcontroller is connected to computer. From GRBL controller software values will be given as 
input then the manipulator moves forward and backward directions. 
    
Fig. 1 Photographic views of fabricated manipulator 
5. CONCLUSION 
The welding manipulator was successfully designed based on the requirements in 
automotive industries and fabricated as per the design using the various fabrication techniques. 
This manipulator would really be more helpful in the field of welding and fabrication of various 
parts in automotive industries. This computer assisted manipulator could lead to save considerable 
time and to control the motion of welding torch in three directions. The numerical controllers 
could help to achieve the simplified the welding procedure by introducing programming methods. 
The entire set up can be used for the real time research works to control the welding speed 
accurately in different required levels. This low cost manipulator could be a new era in the 
automotive sector to perform effective welds with high quality. 
 
 
 
M. Sowrirajan  et al. / International Research Journal of Automotive Technology 2018; 1(1): 13-20 
REFERENCES 
1. L.I Ru-xiong , (2012). Design and Realization of 3-DOF Welding Manipulator Control 
System Based on Motion Controller. Energy Procedia, Vol.14, pp.931-936.  
 
2. J.Y Yuh  and C.M Cheng ,(2015). Construction of a manipulator with six degrees of 
freedom and a rotary platform differentially pumped via retractable welded bellows. Vacuum, 
Vol.121, pp.283-288. 
 
3. Q.Zhang and M.Y Zhao , (2016). Minimum time path planning of robotic manipulator in 
drilling/spot welding tasks. Journal of Computational Design and Engineering, Vol.32, pp.132-
139. 
 
4. A.Kumar  and V.Kumar ,(2017). Evolving an interval type-2 fuzzy PID controller for the 
redundant robotic manipulator. Expert Systems with Applications, Vol.73, pp.161-177. 
 
5. A.Bauchspiess , S.C.A Alfaro & L.A Dobrzanski . (2001). Predictive sensor guided 
robotic manipulators in automated welding cells. Journal of Materials Processing Technology, 
Vol.109, No.1, pp.13-19. 
 
6. Y.Xue, , I.S Kim , J.S  Son , C.E  Park , H.H Kim , B.S  Sung and B.Y Kang , (2005). 
Fuzzy regression method for prediction and control the bead width in the robotic arc-welding 
process. Journal of Materials Processing Technology, Vol.164, pp.1134-1139. 
 
7. M.H Korayem, & A.M Shafei (2015). Motion equation of nonholonomic wheeled mobile 
robotic manipulator with revolute–prismatic joints using recursive Gibbs–Appell formulation. 
Applied Mathematical Modelling, Vol.39, No.5, pp.1701-1716. 
 
8. N.Farhat ,V. Mata ,A. Page and F. Valero . (2008). Identification of dynamic parameters 
of a 3-DOF RPS parallel manipulator. Mechanism and Machine Theory,Vol.43, No.1, pp.1-17. 
 
9. W.S Yoo ,J.D  Kim and S.J Na . (2001). A study on a mobile platform-manipulator 
welding system for horizontal fillet joints. Mechatronics, Vol.11, No.7, pp.853-868. 
 
10. J.K Lauridsen, , O.Madsen , H. Holm , I.Hafsteinsson  & J.Boelskifte (1996). Model based 
control of a one degree of freedom workpiece manipulator for welding of nozzles. Mathematics 
and Computers in Simulation, Vol.41, No.5-6, pp.407-417. 
 
11.  S.Erkaya (2012). Investigation of joint clearance effects on welding robot manipulators. 
Robotics and Computer-Integrated Manufacturing, Vol.28, No.4, 449-457. 
 
12. B.Jayachandraiah , O.V Krishna , P.A Khan and R.A Reddy . (2014). Fabrication of Low 
Cost 3-Axis Cnc Router. International Journal of Engineering Science Invention, Vol.3, No.6, 
pp.01-10. 
 
 
